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HARVEY AND CARDIAC OUTPUT 


How many physicians who make a pretense at 
treating cardiac conditions have ever read the foun- 
dation works on which all knowledge of cardiovas- 
cular conditions rest? It is amazing how few physi- 
cians have ever read Harvey’s classic on The Motion 
¢ the Heart and Blood in Animals or Stephen 

ales’ brilliant study of blood pressure. There may 
be some: excuse for not having read Hales’ mas- 
terpiece on hemostatics. It was written in 1738 and 
is not available in anything later than an 18th 
century edition. It is a collector’s joy to find a copy. 
But ez! physician should know something of the 
work of Stephen Hales (1677-1761), that extraordi- 
nary English clergyman who did not hesitate to put 
a brass cannula in the femoral artery of a mare and 
thus measure the height to which the blood rose in 
a tube connected therewith. Hales’ work is the basis 
for an understanding of blood pressure phenomena. 


There is not as much an excuse for being un- 
familiar at first hand with the work of William 
Harvey (1578-1653). Harvey was a practical physi- 
cian, albeit very “choleric.” He received the full in- 
tellectual stimulus of the great Eizabethan era, and 
was skilled enough to become Royal Physician. His 
little seventy-two page tract was published in 
Frankfort in 1628 in Latin, but has frequently been 
reprinted in good English translations. The stan- 
dard English translation is by Robert Willis and 
was in 1847 by the Society in 
London. It is now readily available as one of the 
items in Everyman’s Library. A new English trans- 
lation more in the current idiom was made by me in 
1928 and is available in a chee, illustrated edition 
from Charles C. Thomas of Springfield, Illinois. 
There are no royalties associated with this work 
so that I have no compunction about referring to it. 


The differences in Harvey’s style through the 
book imply its composition at different times. The 
introduction is far more vigorous, and in its critical 
attitude, more characteristically youthful than any 
of the remaining seventeen chapters. The first chap- 
ter, on the other hand, apologizing for the effort, 
has the grace and dignity of careful deliberation, 
and closes with a classical quotation reflecting the 
meditative calm of middle age. The last three chap- 
ters add little to the significance of the demonstra- 
tion. They illustrate the futility of theoretical 
8 lation attempting to reconcile opposing points 
of view with inadequate data. With microscopical 
technique undeveloped, Harvey could not see the 
communications between arteries and veins. He 
roblem by a sort of cor- 
to find —— resem- 
bling an anastomosis except in three obscure places. 
At the time, he tried to complete his‘demonstrations 
| metaphysical arguments based on the tradition- 
al teleology. This was the antithesis of the method 


tried later to study the 2p 
rosion method, but fail 


by which he had achieved such brilliant success in 
the preceding chapters. 


The last of the book seems to have been written 
some time after the main part of it, when long re- 
flection on the subject has crystalized his opinion. 
The eighth chapter is similar in style and context 
to the fifteenth and sixteenth, and was, I think, 
written at about the same time. 


The argument in the other chapters from two to 
fourteen proceeds with certain characteristics that 
introduced an entirely new method of — in 
physiological problems. These are (1) the careful 
analysis of phenomena observed (chapters two to 
five) ; (2) the devising of experimental procedures 
to test a pro hypothesis (chapters ten, eleven 
and thirteen), and (3) the startling innovation of 

antitative reasoning to prove a om theory 
Yakabbers nine, ten, and thirteen). Harvey was 
among the first to use the practical methods of 
science as we do now: observation, hypothesis, de- 
duction, and experiment. This is neither scholastic 
Aristotelianism nor Bacon’s laborious accumulation 
of data and its manipulation by the cumbersome 
tables of the Novum Organum. The sixth and sev- 
enth chapters, on the pulmonary circulation, are 
puzzling. There is a good discussion of the compar- 
ative and embryological aspects of the subject, and 
then a peculiar use of the traditional authority of 
Galen as evidence. One may find almost all kinds 
of logic in Harvey. 


The direct application of Harvey’s work has 
been ee illustrated recently. In 1925 Profes- 
sors Yandell Henderson and Howard Haggard of 
Yale called attention to the extraordinary failure 
of physiologists to make a successful clinical ap- 

lication of the quantitative implications of 

arvey’s fundamental observations three centuries 
earlier. The point in question involves the estimation 
of cardiac output. 


Chapter nine of Harvey’s-classic is entitled “The 
Circulation of the Blood is Proved by a Prime Con- 
sideration.” This is the famous chapter where 
Harvey introduces quantitative reasoning into 
physiology. The whole chapter, short though it is, 
comprises the basis of the physiology of circulation. 
That Harvey recognized the full importance of his 
effort to prove the circulation of the blood is in- 
dicated by the opening sentences of chapter nine: 


“If anyone says these are empty words, broad 
assertions without basis, or innovations without 
just cause, there are three points coming for proof, 
from which I believe the truth will necessarily fol- 
low, and be clearly evident. 


“First, blood is constantly being transmitted from 
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the vena cava to the arteries by the heart beat in 
such amounts that it cannot be furnished by the 


food consumed, and in such a way that the total 
——T must pass through the heart in a short 
e. 


“Second, blood is forced by the pulse in the art- 
eries continually and steadily to every part of the 
body in a much greater amount than is needed for 
nutrition or than the whole mass of food could 


supply. 
“And likewise third, the veins continually return 
this blood from every part of the body to the heart.” 


In proceeding with his proof Harvey says: 


“Let us consider, arbitrarily or by experiment, 
that the left ventricle of the heart when filled in 
diastole, contains two or three ounces, or only an 
ounce and a half. In a cadaver I have found it hold- 
ing more than three ounces. Likewise let us consider 
how much less the ventricle contains when the heart 
contracts or how much blood it forces into the aorta 
with each contraction, for, during systole, everyone 
will admit something is always forced out, as shown 
in Chapter III (The Movements of the Arteries as 
Seen in Animal Experimentation), and apparent 
from the structure of the valves. As a reasonable 
conjecture suppose a fourth, fifth, sixth, or even an 
eighth part is passed into the arteries. Then we may 
suppose in man that a single heart beat would force 
out either a half ounce, three drams, or even one 
dram of blood, which because of the valvular block 
could not flow back that way into the heart. 


“The heart makes more than a thousand beats 
in a half hour, in some two, three, or even four 
thousand. Multiplying by the drams, there will be in 
half an hour either 3,000 drams, 2,000 drams, five 
hundred ounces, or some such proportionate amount 
of blood forced into the arteries by the heart, but 
always a greater quantity than is present in the 
whole body. Likewise in a sheep or dog, suppose one 
scruple goes out with each stroke of the heart, then 
in half an hour 1,000 scruples or about three and a 
half pounds of blood would be pumped out. But as 
I have determined in the sheep, the whole body does 
not contain more than four pounds of blood. 


“On this assumption of the passage of blood, 
made as a basis for argument, and for the estimation 
of the pulse rate, it is apparent that the entire 
quantity of blood — from the veins to the arter- 
ies through the heart, and likewise through the 
lungs. 

“But suppose this would not occur in half an hour, 
but rather in an hour, or even in a day, it is still 
clear that more blood continually flows through the 
heart than can be supplied by the digested food or 
be held in the veins at any one time.” 


Now Harvey makes an extraordinary statement. 
It implies a remarkable amount of investigation on 


his part, about which unfortunately, we know noth- 
remains a matter of prime difficulty to estimate 
clinically. The statement is: 
factors involved in increasing or ————s it, 
may perhaps be more carefully studied later from 
many observations of mine.” 

Harvey says nothing more about this most im- 
on animals, have been lost. The subject is of great 
current interest and is reviewed in Y. Henderson’s 


ing. The statement refers to a factor which still 

“The amount pumped at a single beat, and the 
portant proposition, and his “observations,” probably 
Volume Changes of the Heart (Physiol. Rev., 3:165, 


$ 
1923). For estimating cardiac output in man four 
methods have been proposed: (1) roentgen le 7 
comparison of cardiac volume at systole and diastole 
(W. M and J. Eyster, Amer. J. Roentgenol. 
7:471, 1920); (2) an application of the Fick prin- 
ciple involving an indirect determination of the 
oxygen or carbon-dioxide tensions in mi venous 
blood (S. Burwell and G. Robinson, J. Clin. Invest., 
1:47, 1924); (8) measuring the rate with which 
either a normally — gas or a foreign gas is 
exchanged during the passage of the blood through 
the a (ethyl iodide, 
Ha; , Amer. J. Physiol., 73:1938, 1925; acetylene, 
A. Grollman, Amer. J. Physiol., 88:482, 1929; 
93:116, 1930), and (4) an application of Stewart’s 
principle of the intravenous injection of an easily 
detectable foreign substance and the calculation 
of cardiac output from its concentration in arterial 
blood (W. Hamilton, J. Moore, et al., Amer. J. 
Physiol., 84:388, 1928; 89:322 and 331, 1929). Of 
fundamental importance is Grollman’s observation 
that the basal cardiac output of normal humans is, 
like basal oxygen consumption, a function of body 
surface area and hence quite accurately predictable 
(Amer. J. Physiol., 90:210, 1929). Under standard 
conditions it is 2.2+0.3 liters of blood per square 
meter per minute, with an average deviation from 
the mean of 5 per cent. Contrary to the common 
view a compensatory mechanism exists in man 
which maintains a relatively constant cardiac out- 
im despite postural changes. A total variation of 
ess than 10 per cent was found during very frequent 
observations on two individuals for one year (Amer. 
J. Physiol., 93:536, 1980). 


Having made so pregnant a comment on the vol- 
ume output of the heart, Harvey follows it with 
another remarkable statement which indicates that 
he either made many experiments about which he 
says nothing further, or else‘that he had an extraor- 
dinary intuition which remained unproved for three 
centuries. This statement is: 


_ “Meanwhile I know and state to all that the blood 
is transmitted sometimes in a larger amount, other 
times in a smaller, and that the blood circulates 
sometimes rapidly, sometimes slowly, according to 
temperament, age, external or internal causes, nor- 
mal or abnormal factors, sleep, rest, food, exercise, 


mental conditions, and such like.” 


This amazing statement by Harvey, based on we 
know not what evidence, has been quantitatively 
confirmed in the course of A. Grollman’s brilliant 
studies. “The ingestion of large amounts of fluid 
causes a moderate rise in the cardiac output which 
is greater after the ingestion of isotonic saline than 
after the ingestion of water. The splanchnic 
dilatation which follows the ingestion of food is 
accompanied by a large increase in the cardiac out- 
put for several hours. Psychic disturbances were 
found to cause an elevation in the cardiac output.” 
Grollman’s work should be carefully read. It has 
fortunately all been collected in an admirable 
monograph. 

These observations on the current significance of 
some of Harvey’s work illustrate how effectively 
instruction on the paraiioey. of the heart and 
circulation may be based on Harvey’s classic. The 
wise clinician, as well as the wise physiologist, will 
find it definitely to his advantage to return again 
and again to an examination of Harvey’s brilliant 
scientific example. 


Chauncey D. Leake, Ph.D. 
San Francisco, California 
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